Abstract Japan is one of the countries with the longest longevity in the world, and it was accomplished by a drastic decline in stroke mortality from 1960's. The decline in stroke mortality would be largely explained by a population-wide decreasing trend in blood pressure (BP) level, because higher BP has been the strongest risk factor of stroke; about 20% of total deaths can be explained by higher BP above optimal in Japan. Decreasing trend in BP occurred both in men and women in all age-groups, which cannot be fully explained by the widespread use of anti-hypertensive agents. The most probable reason for the population-wide BP decline in Japan would be a large decline in dietary salt intake after 1950's. However, other factors including obesity, high alcohol intake, and unfavorable dietary habits could increase BP level of Japanese again.
Introduction
Hypertension has been acknowledged as one of the greatest and established risk factors for cardiovascular diseases (CVD) (heart diseases and stroke) [1] [2] [3] [4] . Particularly in East Asian countries, where the mortality and morbidity of stroke have been higher than in western countries, measures against hypertension are considered very important in the prevention of stroke. Hypertension affects a majority of the elderly, and drug therapies for hypertension have greatly added to medical costs in most developed countries. On the other hand, Japan is one of the countries with the longest longevity in the world, the major reason of which is regarded to be a great decline in stroke mortality due to a decrease in nationwide blood pressure (BP) levels [5] .
The author has been involved in epidemiological researches on the risk assessment and prevention of hypertension through several cohort studies in Japan, their meta-analyses, and international cooperative studies. In this article, findings from these studies are reviewed from the viewpoints of population-wide and individual-based preventive approaches in Japanese, and the reason of the longest longevity of Japanese is discussed.
Cardiovascular risk by high blood pressure in Japanese
The National Integrated Project for Prospective Observation of Non-communicable Disease and Its Trends in the Aged (NIPPON DATA) consists of two cohort studies of representative Japanese population samples who participated in the National Surveys on Circulatory Disorders and the National Nutrition Surveys in 1980 (NIPPON DATA80) and in 1990 (NIPPON DATA90). A total of approximately 10,000 (NIPPON DATA80) and 8,000 (NIPPON DATA90) participants were from 300 randomly selected areas from all over Japan. This project has served a number of evidences on the relationships of major CVD risk factors on long-term CVD mortality risk [6] , including a strong, continuous, graded, and independent relationship of BP levels to CVD risk [7, 8] . In addition, follow-up surveys on activity of daily living (ADL) in the NIPPON DATA80 participants reported a positive relation between high BP at middle age and future impaired ADL, since a large part of impaired ADL is caused by stroke occurrence in Japan [9] . We found that 45% of impaired ADL could be explained by non-normal BP at baseline.
The Evidence for Cardiovascular Prevention from Observational Cohorts in Japan (EPOCH-JAPAN) is a meta-analysis of individual participants' data from highquality established 13 cohort studies in Japan, including NIPPON DATA. The total number of EPOCH-JAPAN participants was over 180 thousands, with approximately 10 years of follow-up, and sex-and age-specific risks (relative and attributable) of all-cause mortality with higher BP were estimated in this meta-analysis [10] . Adjusted allcause mortality increased as BP increased in all age-groups ( Fig. 1) , and this trend was more apparent in younger people than older people; hazard ratio [HR] for 10 mm Hg increase in systolic BP was 1.37 in men aged 40-49, whereas HR was 1.09 in men aged 80-89. Younger people should pay more attention to BP increase to prevent future cardiovascular risk, and should modify their lifestyle to lower BP from their younger age. Moreover, populationattributable fraction of deaths with higher BP above optimal (<120/80 mm Hg) was 23% in men and 18% in women.
Thus, a great impact of higher BP above optimal level on total deaths in Japan was revealed.
Some epidemiologic studies reported that pulse pressure (PP), the difference between systolic BP (SBP) and diastolic BP (DBP), is a useful predictor for CVD especially in middleaged or older people [11, 12] ; however, it was uncertain whether PP is superior to SBP or DBP in predicting future CVD risk in various age-sex groups of general Japanese population, where stroke is dominant among CVDs. Moreover, it is also important to assess whether DBP has any additional role in predicting risks independently from SBP. The author examined these questions in a population-based cohort study, the Oyabe Study, on long-term stroke incidence by four age-sex groups (men and women aged 35-64 and 65-79 years) [13] . The study showed that relations of PP to stroke risk were less strong than those of SBP in all age-sex groups. In middle-aged men, the strongest relationship to stroke incidence was observed for DBP (HR 1.79 for 1 standard deviation [SD] increase). In older men, the strongest relationship to stroke risk was observed for SBP (HR 1.62). In middle-aged and older women, both SBP (HR 1.56 and 2.25) and DBP (HR 1.63 and 2.46) showed similarly strong relationships to stroke risk.
This issue was also examined by large-scale metaanalyses [3, 14] . However, the majority of study participants in these studies were Caucasians (even in one study from the Asia Pacific region), and there have been few investigations including only Asian people. Moreover, it was still uncertain whether the importance of BP indices differs for predicting ischemic stroke and hemorrhagic stroke risks. The Japan Arteriosclerosis Longitudinal Study-Existing Cohorts Combine (JALS-ECC) is a pooling project based on individual participant data from existing high-quality prospective cohort studies on CVD in Japan [15] . From this project, the author reported the metaanalysis of 16 cohort studies which allowed detailed investigations with over 1,000 stroke events and 200 myocardial infarction (MI) events from over 400,000 person-years of follow-up in Japanese [16] . Stroke risk was most strongly related to mean BP (MBP) and SBP in both sexes, and was most weakly related to PP (Fig. 2) . SBP and DBP were independently and positively related to stroke risk in both sexes, even after adjusted for each other. Both stroke subtypes, ischemic and hemorrhagic, were most strongly related to MBP or SBP in both sexes. Also in older men and women aged 70-89, MBP or SBP showed the strongest relation to all stroke risk. MI risk was most strongly related to SBP and MBP in both sexes. For any CVD endpoints in any age-sex groups, PP was not the strongest predictor. In this report, we concluded that the long-term incident risk of stroke and MI associated with high BP in East Asian populations should be assessed mainly on the basis of SBP.
/100,000 person-years Fig. 1 Relation between blood pressure and multivariate-adjusted mortality rate by age range (men and women combined). Each dot represents a multivariate estimate of mortality rate after adjusting for sex, smoking, drinking, and body mass index, and each line shows the 95% CI [10] Factors related to blood pressure in Japan Several factors have been reported to determine populationwide BP level and individual's BP in Japan. In 1960, Dahl authored a famous study on the relationship between salt intake and BP in populations in various parts of the world, including Japan [17] . He reported that people living in northern Japan consumed about 30 g salt per day and had an almost 40% prevalence of hypertension, whereas Alaskan natives consumed less than 5 g of salt per day and had a prevalence of almost zero. However, this study was not standardized for BP determinations and dietetic investigations. The INTERSALT study was conducted, using 52 populations in 32 countries (including three populations in Japan) (a total of 10,079 participants), with strictly standardized BP measurement and evaluation of salt intake by 24-h urinary sodium excretion determination [18] [19] [20] . The INTERSALT study found that urinary sodium excretion was significantly related to individual BP and to age-dependent BP elevation, after adjustment for age, gender, obesity and alcohol consumption. It was estimated that 100 mmol lower sodium excretion (equivalent to about 6 g salt) was related to 2.2 mmHg lower SBP, and to lower elevation in SBP and DBP by 10-11 mmHg and 6 mmHg, respectively, between 25 and 55 years of age-a period of 30 years. As also mentioned below, salt intake would be surely related to BP level in Japanese.
The INTERSALT study also showed that SBP was significantly higher in men and women drinking ≥300 ml of ethanol/week (approximately 238 g) than in non-drinkers [21] . Other cross-sectional studies in Japanese men showed that SBP was approximately 7-10 mmHg higher, and DBP was approximately 2-7 mmHg higher, in drinkers of three to six drinks/day (approximately 210-420 g of ethanol/week) than in non-drinkers [22, 23] , and that the relationship was not different among the types of beverage [24] . Moreover, a large-scale 7-year follow-up study of Japanese male workers revealed that, when adjusted for age, weight change, and foods intake, average annual increases in SBP were 0.33 mm Hg greater in drinkers of ≥300 g ethanol/week than in nondrinkers; it means that SBP in drinkers will increase 3.3 mm Hg greater in 10 years than in non-drinkers [25] . A randomized controlled trial in Japanese habitual male drinkers also showed that a reduction of ethanol consumption from 56 ml/day to 23 ml/day resulted in 3.6 mm Hg decrease in SBP [26] . The International Study of MacroMicro-nutrients and Blood Pressure (INTERMAP) showed that mean ethanol intake in middle-aged men was the highest in Japan (30 g/day) among four countries, whereas it was 20 g/day in the UK, 17 g/day in China, and 11 g/day in the USA [27] . Therefore, higher alcohol consumption would contribute largely to increase BP level and the prevalence of hypertension in Japanese men.
The INTERMAP is an international cross-sectional epidemiologic study of 4,680 men and women ages 40-59 from 17 population samples in China (three samples), Japan (four samples), UK (two samples), and USA (eight samples). Nutrient intake data were based on four in-depth multi-pass 24-h dietary recalls/person and two timed 24-h urine collection/person, and BP was measured eight times at four visits [28, 29] . The study has reported the relationships of several nutrients to BP, including the intakes of vegetable protein, omega-3 polyunsaturated fatty acids (PFA), omega-6 PFA (linoleic acid), dietary cholesterol, phosphorus, non-heme iron, and glutamic acid [30] [31] [32] [33] [34] [35] [36] . Among these nutrients, omega-3 PFA intake, which was inversely related to BP, was the highest in Japan among four countries (3.4 g/day in men and 2.7 g/day in women) due to higher fish intake [31] , so that higher omega-3 PFA intake would affect favorably to BP level in Japanese. On the other hand, dietary cholesterol intake, which was positively related to BP, was the highest in Japan (446 mg/day in men and 359 mg/day in women) largely due to higher egg intake [33] , so that higher cholesterol intake would affect unfavorably to BP level in Japanese. Fig. 2 Adjusted hazard ratios for four blood pressure indexes for all stroke incidence by sex. Hazard ratios are calculated for each BP index higher by 1standard deviation, and adjusted for age, body mass index, total cholesterol, and smoking using Poisson regression [16] . * Two BP indices are included in the same model. SBP systolic blood pressure; DBP diastolic blood pressure; PP pulse pressure; MBP mean blood pressure; HR hazard ratio; 95%CI 95% confidence interval Obesity is, of course, an important factor for high BP in Japanese, although Japanese people have been relatively lean compared with western people. The proportion of individuals with obesity-induced hypertension among total hypertensives was calculated using the baseline data of NIPPON DATA80 and NIPPON DATA90 [37] . The estimated percentage whose hypertension was attributed by obesity (BMI≥25 kg/m 2 ) in 1980 and 1990 was 11% and 15% for men and 19% and 22% for women, respectively. Thus, obesity-induced hypertension increased between 1980 and 1990 for both sexes. As the proportion of obesity has been increasing continuously in men and in older women in Japan, these percentages would be higher now compared with those in 1980 and 1990.
Decline in blood pressure and stroke mortality in Japan During 1960's, mortality due to stroke in the Japanese population was markedly high by international standards, but has now been drastically reduced to approximately oneseventh of the previous level (Fig. 3) . This drastic change is the main cause of elongation in longevity of Japanese during the past several decades, and it is presumably largely due to a steady decrease in the mean BP of the population. This decrease in BP was not only found in the elderly, but also in the middle-aged and younger generations. The National Survey on Circulatory Disorders of Japan showed that in the 30 years from 1971 to 2000, the mean SBP for Japanese men aged 40 to 49 decreased by 3.6 mmHg, from 134.8 mmHg to 131.2 mmHg, and for women aged 40 to 49 it decreased by 7.7 mmHg, from 132.6 mmHg to 124.8 mmHg (Fig. 4) [38, 39] .
Population-wide screening of high BP by law begun in 1960's; therefore, detection and pharmaceutical treatment of hypertension effectively decreased the prevalence of hypertension especially in elder population. However, as the mean BP decreased in the whole population including the younger generations, such a phenomenon cannot be explained merely by the widespread use of anti-hypertensive agents (e.g. 30% in Fig. 3 Trend in age-adjusted mortality rate (/100,000) of stroke in Japan by sex and stroke subtypes, the Vital Statistics of Japan . CI cerebral infarction; CH cerebral hemorrhage; SAH subarachnoid hemorrhage Fig. 4 Trends in mean systolic blood pressure in Japanese men and women by age groups, the National Survey on Circulatory Disorders of Japan 1986 to 40% in 2002 in hypertensive men [40] ), but should be largely due to a change in the Japanese lifestyle and dietary habits. BP decreased despite unfavorable trends of other risk factors such as increased obesity (excluding young women) [41] and an increase in alcohol consumption [42] . A reduced consumption of salt would have contributed significantly to this decrease [43] . Several decades ago, people living in the northern part of Japan consumed as much as 20 to 30 g of salt per day [44] . The National Nutrition Survey reported that the daily salt intake of the Japanese decreased by 3.8 g, from 14.5 g in 1973 to 10.7 g in 2009-less than half of the estimated intake in the 1950s [45] . The salt reduction in Japan was accomplished in part by a campaign to reduce salt intake initiated by the Japanese Government in 1960's, in addition to a big lifestyle change during the past several decades. People now do not need to preserve foods using salt through the spread of refrigerator and the development of distribution system, and the westernization of dietary habits reduced the use of soy sauce and miso (fermented soybean paste) which are major dietary sources of salt in Japan.
Concluding remarks and outlook
Japan is one of the countries with the longest longevity in the world, and it was accomplished by a drastic decline in stroke mortality from 1960's. The decline in stroke mortality would be largely explained by a populationwide decreasing trend in BP level both in men and women in all age-groups, which cannot be fully explained by the widespread use of anti-hypertensive agents. The most probable reason for the population-wide BP decline in Japan would be a large decline in dietary salt intake after 1950's. However, recent increasing trend in obesity, together with high alcohol intake in men, physical inactivity, and unfavorable dietary habits (high energy, high fat, and low vegetable) in Japan could increase BP level of Japanese again. Further continuous efforts for the primary prevention of hypertension are necessary in Japan.
From the experience and epidemiologic findings in Japan, it can be concluded that BP management in individuals and in a whole population is very important to extend longevity. Population-wide screening and early detection of high BP, using both systolic and diastolic BP, are essential, and detected high-risk individuals should modify their lifestyle and, if necessary, should be treated pharmaceutically. On the other hand, population-based approaches to change environments for BP reduction make the individual's effort easier [46, 47] . Such approaches for society, government, manufacturers, communities, worksites, schools, or mass-media should also be applied continuously in future.
